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Small droplets follow the
airflow streamlines and bypass
the falling drop

Large droplets collide
with the falling drop
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Topographic cross section of the central Sierra Nevada showing the
effects of urban air pollution on precipitation as the clouds moves from
west to east across the mountains.

Givati and Rosenfeld, J. Applied Meteorology, 2004



Spatial distribution of accumulated rainSpatial distribution of accumulated rain
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B. Lynn,  A. Khain,  D. Rosenfeld, W. L. Woodley, 2006. Effects of aerosols on precipitation
from orographic clouds. In press, JGR.

Explicit 2D cloud simulations of cross section of the Sierra Nevada



Trends of orographic precipitation linked to the trends in aerosols
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Fine and coarse particle trends during winter
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Fine and coarse particle trends during winter
Rosenfeld and Givati, J. Applied Meteorology, 2006

Alternative explanation by climatic fluctuations
(ENSO, PDO) can’t explain the observed trends
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Also found in:

Israel, France, Morocco, Swiss, China, Puerto
Rico, Canada, Greece, Spain, …

Not found in New Zealand, Hawaii big island
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 Aerosol-measuring aircraft below cloud base

Surface measurements of aerosols and precipitation composition

There is ample evidence for aerosols reducing cloud drop size
and suppressing precipitation.
Now we need to tie that to anthropogenic emissions 
CEC-SUPRECIP campaign during winters of 2005 and 2006.



 Cloud physics aircraft in clouds
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2006 02 28 23:17 1600 m   -1oC

Cloud 1

CCN = ~ 300 – 800 cm-3



Cloud 1

CCN = ~ 300 – 800 cm-3
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2006 03 01 00:00 2000 m   0oC Cloud 2 CCN = ~ 100 cm-3



Cloud 2

CCN = ~ 100 cm-3
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2006 03 01 00:18 2800 m   -3oC

Cloud 3
CCN = ~ 40 cm-3



2006 03 01 00:21 2300 m   -2oC Cloud 3

CCN = ~ 40 cm-3



2006 03 01 00:22 2100 m   -1oC Cloud 3

CCN = ~ 40 cm-3



2006 03 01 00:23 1900 m   0oCCloud 3 CCN = ~ 40 cm-3



2006 03 01 00:23 1900 m   0oCCloud 3 CCN = ~ 40 cm-3



2006 03 01 00:30 1800 m   2oCCloud 3
CCN = ~ 40 cm-3



Cloud 3

CCN = ~ 40 cm-3



1
2 3

1 2 3

1

2

3

CCN=800 cm-3 CCN=80 cm-3 CCN=40 cm-3

800

100

40



1

1

2

2

3

3

2006 02 28 21:00Z Aqua



4
567

8

1

10

100

1000

C
C

N
 cm

-3

4
5

6 7
8

4 5 67 8

1

2

3

800

80

40

70
100

300
600

800

Constant
height of 1500
m



23:10
23:20

23:30
23:40

23:50

00:00

00:10

00:20

00:30

00:40

00:50

5
SFO Airport





Aerosol aircraft: 2006 03 01 01:03Z  900 m



2006 03 01 01:03Z 1500 m   3oC



2006 03 01 01:05Z 1500 m   3oC



2006 03 01 01:03Z 1500 m   3oC



2006 03 01 01:03Z 1500 m   3oC

Cloud 6





2006 03 01 01:06Z 1500 m   3oC

Cloud 6



2006 03 01 01:18Z 1500 m   3oC

Cloud 8, over Sacramento
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CCN = ~ 800 cm-3

Cloud 8 Cloud 1

CCN = ~ 300 – 800 cm-3



Aircraft measured Modal LWC cloud drop diameter as a function
of height above cloud base, for the various aerosol regimes in
Brazil [Thailand].
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Andreae, M. O.,
D. Rosenfeld,
P. Artaxo et al.,
2004:
Smoking rain
clouds over the
Amazon. Science,
303, 1337-1342.

Nature, 25 May
2000, 405, 440-
442.
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Morning
9-10 PST

Afternoon
15-16 PST

Noon
12-13 PST

Cloud physics aircraft tracks
Aerosols aircraft tracks



Morning AfternoonNoon
µ



March 2, 2006, Blodgett, CA 

time (PST)
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CCN < 100 cm-3



CCN = ~ 600 cm-3



Feb 7-28 and March 1-20, 2006, Blodgett, CA 
average diurnal of CCN @ ~1%S
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